Cloning, overexpression and mechanistic studies of carboxyphosphonoenolpyruvate mutase from Streptomyces hygroscopicus.
The enzyme carboxyphosphonoenolpyruvate mutase catalyses the formation of one of the two C-P bonds in bialaphos, a potent herbicide isolated from Streptomyces hygroscopicus. The gene encoding the enzyme has been cloned from a subgenomic library from S. hygroscopicus by colony hybridisation using an exact nucleotide probe. An open reading frame has been identified that encodes a protein of molecular mass 32700 Da, in good agreement with the subunit molecular mass of the carboxyphosphonoenolpyruvate mutase recently isolated from this source [Hidaka, T., Imai, S., Hara, O., Anzai, H., Murakami, T., Nagaoka, K. & Seto, H. (1990) J. Bacteriol. 172, 3066-3072]. The gene shares significant sequence similarity with that of phosphoenolpyruvate mutase, an enzyme that catalyses the related interconversion of phosphoenolpyruvate and phosphonopyruvate. When the carboxyphosphonoenolpyruvate-mutase gene was subcloned into the vector pET11a, the mutase was expressed as about 20% of the total soluble cellular protein in Escherichia coli. The mutase has been purified to homogeneity in three steps in 40% yield. With malate dehydrogenase/NADH, (hydroxyphosphinyl)pyruvate gives (hydroxyphosphinyl)lactate (kcat 164 s-1 and Km 680 microM) and this spectrophotometric assay for the product of the mutase reaction has been employed in the mechanistic studies. The kinetics for the mutase reaction have been evaluated for the substrate, carboxyphosphonoenolpyruvate, and for the putative reaction intermediate carboxyphosphinopyruvate, both of which have been prepared by chemical synthesis. Carboxyphosphonoenolpyruvate is converted to (hydroxyphosphinyl)pyruvate with a kcat of 0.020 s-1 and a Km of 270 microM, and carboxyphosphinopyruvate is converted to (hydroxyphosphinyl)pyruvate with a kcat of 7.6 x 10(-4) s-1 and a Km of 2.2 microM. Although the exogenously added intermediate is not kinetically competent, these results suggest that the mechanism for the mutase reaction involves an initial rearrangement to the intermediate carboxyphosphinopyruvate, followed by decarboxylation to yield the product (hydroxyphosphinyl)pyruvate.